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Pathogenic variation was studied in 16 fungal isolates of four Fusarium head blight 
(FHB) species on two modern Syrian bread and durum wheat cultivars using an in vitro 
Petri-dish test. Three aggressiveness criteria: germination rate reduction, standardized area 
under disease progress curve (AUDPCstandard), and coleoptile length reduction were evalu-
ated. Regarding AUDPCstandard, intra- and inter-species variability in aggressiveness was 
detected. The other two aggressiveness criteria did not distinguish fungal isolates within and 
among species. It seems that AUDPCstandard may be used to measure aggressiveness of FHB 
on wheat at early stages. The three aggressiveness parameters were not significantly corre-
lated. Cultivar-specific aggressiveness has not been detected. It was not possible to cluster 
the isolates based on their species origins because of similarity in pathogenic level among 
the 16 fungal isolates. Bread wheat was more resistant to FHB infection than durum wheat 
in vitro. The two tested modern cultivars were shown to exhibit moderate to high FHB resist-
ance levels.
Keywords: bread and durum wheat, FHB variation, Syrian wheat cultivars
Introduction
Fusarium head blight (FHB) is one of the most destructive global diseases of bread and 
durum wheat. Since it was identified in 1884, severe epidemic outbreaks caused quanti-
tative losses in yield of up to 50–75% (Parry et al. 1995). It also reduces grain quality 
due to contamination of harvest with large amount of mycotoxins that cause toxicities to 
human and livestock (Palazzini et al. 2015). More than 17 Fusarium species have been 
isolated from naturally infected wheat spikes (Parry et al. 1995). The members of the 
F. graminearum sensu lato are reported as the most frequently recovered from wheat 
ears (O’Donnell et al. 2004). Also, other FHB causal agents are less frequently associ-
ated with FHB incidence (Xu et al. 2008). The spectrum of Fusarium spp. involved in 
the disease varies at a local or regional level depending on specific climatic conditions, 
agricultural practices, effectiveness of used fungicides and host resistance (Xu and Ni-
cholson 2009).
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Aggressiveness is an attribute of a pathogen originally defined as the extent to which 
it can attack a susceptible host. For a given FHB species, aggressiveness is not geograph-
ically structured since isolates with low, medium, and high levels of aggressiveness make 
up the population in a single location (Xu and Nicholson 2009). Comprehension of the 
aggressiveness variability is crucial for disease management. More aggressive FHB spe-
cies and/or isolates will reach a specific disease level faster. Resistance of wheat to FHB 
is a character controlled by a polygenic system (quantitative trait loci detected on all 
chromosomes), and isolate-specific resistance has not been detected (Spanic et al. 2013). 
Wide epidemics of FHB have been recorded after the spread of modern wheat cultivars 
with excellent agronomic traits because of  losing plant resistance during breeding pro-
cess (Goral et al. 2008), However, some commercial wheat cultivars can exhibit an ac-
ceptable FHB resistance (Ban et al. 2008; Chrpova et al. 2012). But, linkage drag of the 
major Chinese Sumai 3 resistance QTL hampers their deployment in modern cultivars 
(Steiner et al. 2017). 
Wheat domestication has occurred between 12,000 and 10,000 years BP in Syria. 
Wheat is one of the most important crops occupying up to 1.7 million hectares with more 
than 4 million tones in 2011 (FAO/WFP, 2015). Thereby, Syrian wheat cultivars including 
the modern ones may constitute a valuable genetic resource, possessing various desirable 
agronomic traits, including acceptable-level resistance to FHB. To date, some in vitro and 
growth chamber studies have reported the evaluation of aggressiveness of local FHB 
pathogens and resistance of wheat cultivars (Alazem 2007; Bakri et al. 2012; Sakr 
2017a,b, 2018a). Notwithstanding, disease responses assessed with an in vitro tolls of 
FHB complex on modern Syrian wheat cultivars has not been reported yet. The objective 
of this study was to investigate pathogenicity using an in vitro Petri-dish test of four FHB 
species towards two modern Syrian durum and bread cultivars. 
Materials and Methods
Fungal isolates and wheat cultivars
The 16 fungal isolates of four FHB species (F. culmorum (F1, F2, F3, F28 and F30), 
F. verticillioides (F15, F16, F21 and F27), F. solani (F7, F20, F26, F29, F31 and F35), and 
F. equiesti (F43)) were collected during the 2015 growing season from naturally growing 
wheat spikes with symptoms such as ear blight and bleached grains on ears in several 
locations of Ghab Plain, one of the principal Syrian wheat production areas. Although 
F. graminearum is considered the major causative of FHB disease, this species was not 
found in the surveyed region. Isolates were identified morphologically (Figure 1) accord-
ing to Nelson et al. (1983). The cultures were maintained in sterile distilled water at 4 °C 
and by freezing at –16 °C until needed (Sakr 2018b). 
Two modern Syrian bread wheat Bohoth10 and durum wheat Cham9 cultivars were 
used to characterize aggressiveness of 16 FHB isolates. Syrian check lines exhibiting 
several levels of quantitative resistance detected using an in vitro Petri-dish test and head 
inoculation under controlled conditions were used for validation tests. Cham4 and Dou-
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ma4 (bread cultivars) were more resistant to FHB infection than Cham7 and Acsad65 
(durum cultivars) using the same fungal isolated involved in the present research (Sakr 
unpublished data).
Figure 1. Two Fusarium head blight isolates on Petri-dish with potato-dextrose agar used for aggressiveness 
tests on wheat cultivars: F15 (F. verticillioides) and F29 (F. solani)
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Aggressiveness tests 
Aggressiveness tests were done as per Purahong et al. (2012). Sterilized wheat seeds of 
Bohoth10 and Cham9 were inoculated with a suspension of conidia (at 1×106 conidia per 
ml or sterile distilled water in the control treatment) for 16 fungal isolates in Petri-dishes 
with sterile double-layer filter paper, and arranged in a complete randomized design with 
three replicates. Three Petri-dishes per replicate were left non-inoculated as a control 
treatment. Three aggressiveness criteria: germination rate reduction, standardized area 
under disease progress curve (AUDPCstandard), and coleoptile length reduction were evalu-
ated. Three replicates of each isolate were set up, and the experiment was repeated. In-
fected and control treatments were incubated in an incubator at 22 °C in the dark. Germi-
nation rate reduction and coleoptile length reduction were determined by comparison 
with the control treatment at 6 days after inoculation (DAI). The percentage of healthy 
coleoptiles was plotted as a function of time (from 2 to 6 DAI) and the area under healthy 
tissue progress curve (AUHPC) was calculated. AUHPC ranges from 50 (very aggres-
sive, all seedlings diseased on day 3) to 400 (not aggressive, no diseased seedlings). 
AUHPC can be transformed to AUDPCstandard: the value ranges from 0 (not aggressive) to 
1 (very aggressive). 
Statistical analyses
Data were analyzed using StatView, 4.57® Abacus Concepts, Berkley, Canada. Before 
statistical analysis, germination rate reduction and coleoptile length reduction percent-
ages were transformed using the Arcsines function. ANOVA incorporating the Fisher’s 
LSD test at P = 0.05 was used to differentiate the means. The sample correlation coeffi-
cients (Pearson r) were calculated using overall mean values per isolates at P = 0.05. 
Results
Compared to the water control, seedlings of Bohoth10 and Cham9 wheat plants growing 
in the presence of 16 tested fungal isolates showed brown spots on the coleoptiles and/or 
mycelium completely covering the seeds, typical in vitro FHB symptoms (Purahong et al. 
2012), suggesting a strong effect of FHB species complex on the growth of these culti-
vars.
Table 1 presents aggressiveness characteristics of FHB isolates on two wheat cultivars, 
Bohoth10 and Cham9. Exposure of wheat seeds to FHB species reduced mean seed ger-
mination value by 80% relative to the water control; it ranged from 19.3 to 22.5%. The 
diseased coleoptiles were only one half of the mean lengths of healthy coleoptiles that 
reached 9.4 mm on Bohoth10 and 10.9 mm on Cham9 whatever was the FHB isolate; it 
varied from 54.9 to 58.8%. No significant differences were observed (F cultivars = 0.357 
ns; P = 0.5521) in germination rate reduction (GRR) on the two tested cultivars. Mean 
germination rate reduction on Cham9 was 21.4% and on Bohoth10 was 20.7%. There 
were no differences (F cultivars = 0.555 ns; P = 0.4591) in coleoptile length reduction 
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(CLR) on the two tested cultivars. Mean coleoptile length reduction on Cham9 was 57.3% 
and on Bohoth10 was 56.6%. For these two aggressiveness criteria, there were no signifi-
cant differences in aggressiveness intra- and inter-species and in susceptibility between 
wheat cultivars. 
The mean values of AUDPCstandard did differentiate within and among differences of 
aggressiveness in four FHB species and between the two tested wheat cultivars. Within 
F. culmorum species, the lowest AUDPCstandard value (0.35) occurred for F1, whereas the 
most aggressive isolate F2, with value (0.54). Within F. solani species, F26 gave the least 
AUDPCstandard (0.35), while F35 (0.49) was significantly more aggressive. Within F. ver-
ticillioides species, the least AUDPCstandard value was for F16 (0.31), and the most aggres-
sive isolate was F21 (0.43). There were significant differences in the variation of aggres-
siveness among the isolates from the four FHB species. The isolate F2 (F. culmorum) 
showed the greatest aggressiveness, while F26 (F. solani) and F15 and F27 (F. verticil-
lioides) were the least aggressive isolates.  However, the AUDPCstandard differences among 
16 isolates can not be used to distinguish the four FHB species, for example, isolates F3 
and F30 (F. culmorum), F7 and F20 (F. solani), F15 and F21 (F. verticillioides), and F43 
(F. equiesti) were not significantly different. Significant differences were underlined for 
Table 2. Significancy of P-values for aggressiveness criteria within and among four FHB 
species measured on four wheat check lines: Cham4 (Ch.4), Douma4 (Do.4), Cham7 
(Ch.7) and Acsad65 (Ac.65) (Sakr unpublished data)
Germination rate reduction (%)
Ch.4 Do.4 Ch.7 Ac.65
Within F. culmorum NS NS NS NS
Within F. culmorum NS NS NS NS
Within F. verticillioides NS NS NS NS
Among FHB species NS NS NS NS
AUDPCstandard
Ch.4 Do.4 Ch.7 Ac.65
Within F. culmorum S S S S
Within F. culmorum S S S S
Within F. verticillioides S S S S
Among FHB species S S S S
Coleoptile length reduction (%)
Ch.4 Do.4 Ch.7 Ac.65
Within F. culmorum NS NS NS NS
Within F. culmorum NS NS NS NS
Within F. verticillioides NS NS NS NS
Among FHB species NS NS NS NS
Significant (S) and not significant (NS) at p = 0.05.
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AUDPCstandard (F cultivars = 9.862; P = 0.0026) among the two wheat cultivars. The mean 
values of AUDPCstandard evaluations ranged from 0.39 on Bohoth10 to 0.44 on Cham9.
Table 2 presents significancy of P-values for aggressiveness criteria within and among 
four FHB species measured on wheat check lines (Sakr unpublished data). Regarding 
GRR and CLR, no significant differences in aggressiveness intra- and inter-species and 
in susceptibility among the four well known susceptible and resistant check lines were 
observed. However, AUDPCstandard did distinguish within and among differences of ag-
gressiveness in four FHB species and among the four wheat check lines. Also, the AUD-
PCstandard differences among 16 isolates can not be used to differentiate four FHB species 
on all wheat check lines. 
The three parameters used with the Petri-dish test were not significantly correlated. 
GRR did not correlate significantly with AUDPCstandard (r = 0.111 ns) and CLR 
(r = 0.145 ns). Also, there was no significant correlation between AUDPCstandard and CLR 
(r = –0.051 ns).
Discussion
The loss of intensive selection pressures towards resistance to stresses and the conditions 
of the cultivation of plants used in breeding stations have caused modern wheat cultivars 
to be poorly adapted to biotic and abiotic stresses (Audenaert et al. 2014). The best eco-
nomic and ecological strategies that reduce damage caused by FHB disease require 
knowledge of aggressiveness (Parry et al. 1995; Leonard and Bushnell 2003; Xu and 
Nicholson 2009). With this in mind, the variation of quantitative component of patho-
genicity was analyzed in vitro for local FHB species on two modern durum and bread 
wheat cultivars recently planted in several Syrian locations. Disease development by 
FHB fungi is manifested via different experimental conditions involved in the Petri-dish 
assay which ensure that their aggressiveness is constant and/or correctly characterized or 
measured. All the 16 fungal isolates analyzed fulfilled the requirement of pathogenicity 
(ability to induce FHB disease), thus they are pathogenic.
High germination rate reduction, high AUDPCstandard values, and significant reduction 
in the length of the coleoptile represent high aggressiveness (Purahong et al. 2012). The 
two aggressiveness criteria, germination rate reduction and coleoptile length reduction 
did not distinguish fungal isolates within and among species. Also, no significant differ-
ences between the two wheat cultivars were detected. Our results are in accordance with 
the in vitro previous analysis (Sakr 2017b, 2018a) in which those aggressiveness criteria 
did not distinguish FHB isolates and wheat cultivars. Our results were in accordance with 
those reported by Purahong et al. (2012) for F. graminearum; they observed that reduc-
tions in germination rate were not significant. Brennan et al. (2003) noted that reduction 
of the coleoptile length has been related to aggressiveness. Purahong et al. (2012) found 
that this parameter differentiate fungal isolates. 
The values of AUDPCstandard underlined a variation in aggressiveness within and among 
four FHB species. Moreover, AUDPCstandard did differentiate between the two tested 
wheat cultivars. AUDPCstandard was calculated from the decreasing number of healthy 
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wheat seedlings after fungal inoculation of the seeds (Purahong et al. 2012). The faster 
the reduction of the number of healthy seedlings, the more aggressive is the fungal isolate 
(Purahong et al. 2012). Our results are in accordance with the in vitro previous analysis in 
which this criterion of aggressiveness did distinguish fungal isolates and wheat cultivars 
(Sakr 2017b, 2018a). Also, our findings are in accordance with those found by Bakri et al. 
(2012) in which significant differences were detected within three Syrian FHB species 
F. culmorum, F. solani and F. verticillioides collected from several Syrian regions using 
head inoculation under controlled conditions. Mutation, genetic recombination or selec-
tion may play a basic role in these differences in aggressiveness. In three FHB species: 
F. culmorum, F. verticillioides and F. solani obtained from wheat seeds showing FHB 
symptoms in different Syrian locations in 2007, high genotypic and aggressiveness vari-
ances within and among the three species were detected (Arabi and Jawhar 2010; Bakri 
et al. 2012). For the three aggressiveness criteria involved in Petri-dish test, pathogenic 
variation in 16 FHB isolates was validated with data generated on four well known sus-
ceptible and resistant wheat check lines.   
The in vitro Petri-dish assay can distinguish the level of aggressiveness of four FHB 
species at early stages of plant growth by promoting the interaction between wheat tissues 
and fungi. The situation in the Petri-dish assay was identical to artificial inoculation under 
controlled conditions. FHB inoculum was put directly on the wheat seeds and they could 
directly penetrate and infect germinating seeds. Thus, disease development is manifested 
through appearance of typical in vitro symptoms (Purahong et al. 2012). It seems that 
AUDPCstandard may be used to measure aggressiveness of FHB on wheat at early stages.
The three aggressiveness parameters were not significantly correlated, suggesting that 
these criteria are genetically distinct, and also reflecting into complex polygenic nature of 
aggressiveness in the interaction in FHP-wheat system. It seems that each individual ag-
gressiveness criterion differentially influences aspect of FHB disease development in 
wheat plants. Our data agree with those found by Sakr (2018a) on barley plants. How-
ever, results obtained in this study do not correspond with those obtained by Purahong et 
al. (2012); they noticed a correlation among the three aggressiveness parameters. Interest-
ingly, cultivar-specific aggressiveness has not been detected. Significant correlation was 
detected between the values of AUDPCstandard for the two tested wheat cultivars infected 
with 16 fungal isolates (r = 0.559*). In this pathosysteme, no strong evidence for species-
specific in wheat to any of the fungal species implicated in the FHB complex (Parry et al. 
1995). 
It was not possible to cluster the isolates based on their species origins because of 
similarity in pathogenic level among the 16 fungal isolates. The origin of FHB cultures 
may play a crucial role in this pathogenic similarity. The tested isolates of F. culmorum, 
F. verticillioides, F. solani, and F. equiesti species collected from Ghab plain, a limited 
geographic area, may exhibit low degrees of gene/genotype flow which result in low 
mutation and population size levels, and consequently these physiological and genetic 
characteristics may increase the level of pathogenic similarity between species as ob-
served for other pathogens (McDonald and Linde 2002). 
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Durum wheat is more susceptible to FHB infection than bread wheat (Spanic et al. 
2013). Quantitative resistant wheat cultivars are identified by low AUDPCstandard values of 
the fungus compared with the susceptible one (Purahong et al. 2012). AUDPCstandard rat-
ing for the two wheat cultivars reflects the ability of the same isolate of the pathogen to 
differentiate several levels of resistance as observed for the same pathosystem (Alazem 
2007). Also, the resistance of a given wheat cultivar is not related to a certain FHB spe-
cies. Bohoth10 was more resistant to FHB infection than Cham9 in vitro. Wheat cultivar 
Cham9 exhibited an increase of AUDPCstandard values (more than 11%) as compared with 
Bohoth10. The values of AUDPCstandard criterion recorded a clear variation depending on 
fungal isolates and wheat cultivars. The lowest AUDPCstandard value (0.25) occurred for 
F16 (F. verticillioides) on Bohoth10 and the least AUDPCstandard value was for F16 and 
F27 (F. verticillioides) (0.36) on Cham9. While the most aggressive isolates F2 (F. culmo-
rum) with value (0.59) on Bohoth10 and F3 (F. culmorum) (0.52) were more aggressive 
on Cham9. The two tested modern Syrian cultivars were shown to exhibit moderate to 
high resistance levels to in vitro FHB infection. However, the moderately resistant level 
in the two cultivars made it possible to detect intra- and inter-significant differences in 
aggressiveness. Taking into consideration that breeding programs is hampered by the nar-
row genetic variation for FHB resistance in durum wheat and alternative sources of resist-
ance have been screened in bread wheat to identify resistance donors for breeding 
(Steiner et al. 2017); Cham9 (durum) and Bohoth10 (bread) could be considered as prom-
ising resistance sources to FHB for introgression in the adapted wheat gene pool. It will 
be necessary to analyze the pathogenic reaction of available modern Syrian bread and 
durum wheat cultivars in vitro, under controlled and field conditions to screen levels of 
resistance in Syrian wheat cultivars.
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